The fundamental biochemical processes of 5-methylcytosine (5-mC) synthesis, maintenance, conversion and removal determine the time and spatial pattern of DNA methylation. This has a strong effect on a plethora of physiological aspects of cellular metabolism. While the presence of 5-mC within the promoter region can silence gene expression, its derivative -5-hydroxymethylcytosine exerts an opposite effect. Dysregulations in the metabolism of 5-mC lead to an altered DNA methylation pattern which is linked with a disrupted epigenome, and are considered to play a significant part in the etiology of several human diseases. A summary of recent knowledge about the molecular processes participating in DNA methylation pattern shaping is provided here.
Introduction
Emerging evidence indicates that in the etiology of numerous human diseases, their pathological phenotype is a consequence of disturbances in epigenetic regulatory mechanisms with an impact on gene expression (Aslani et al. 2016 , Kwak and Park 2016 , Ludwig et al. 2016 ). Contrary to genetic mutations, which affect the DNA sequence, disorders in epigenetic regulation may alter gene expression via silencing or overexpression (Weinberg and Morris 2016, Willis et al. 2016) . Aberrant expression of genes may underlie the changes leading to switching of the phenotype from normal to pathological (Gupta et al. 2009 ). Recently, the expanding group of "epigenetic disorders" has come to include diverse diseases such as neurological (Carrick et al. 2016) , psychological (Klengel and Binder 2015) , immunological (Ciechomska and O'Reilly 2016), cardiovascular (Ahuja et al. 2017, Kim and Stansfield 2017) , neoplastic (Feinberg et al. 2016 , Upchurch et al. 2016 ) and metabolic diseases (Kamat et al. 2016 , Hur et al. 2017 . Increasing knowledge about the etiology of epigenetic disorders is aligned with the progress of therapies focusing on prevention or reversal of the pathological phenotype through modulation of the activity of several molecular members of the epigenetic regulatory machinery (Bär et al. 2016 , Kgatle et al. 2016 , Mund and Lyko 2010 , Yoo and Jones 2006 .
DNA methylation
The term epigenetics defines the heritable changes in gene function that do not involve changes in their DNA sequence and the processes through which genes produce their effect on the phenotype of the organism (Ho and Burggren 2010). Epigenetic regulation plays an essential physiological role in the activation or silencing of appropriate genes during development, differentiation, and environmentally stimulated phenotypic plasticity. Within 4 the cells, DNA and histones are chemically modified by covalent modification of several distinct groups that lead to the changes in chromatid structure and chromosomal architecture.
The covalent modifications of DNA and histones are reversible and dynamic depending on the developmental state, the tissue specificity and the influence of environmental factors. At the molecular level, covalent modifications of DNA participate in the regulation of chromosomal level of condensation, which can exist in a transcriptionally active or inactive states named as euchromatin or heterochromatin, respectively. In addition to changes in chromosomal structures that exert an effect on transcriptional activity the level of already synthesized gene-specific mRNA molecules may be downregulated in the presence of specific miRNA molecules (Rassoulzadegan et al. 2006 , Saetrom et al. 2007 ).
In human cells, the predominant covalent modification of DNA is the enzymatically catalyzed In mammalian cells, de novo methylation of cytosine by Dnmt3a is stimulated by noncatalytic paralogue Dnmt3l (Liao et al. 2012 ). In addition, similarly to Dnmt3a and Dnmt3b, Dnmt3l may interact with histone deacetylase (Aapola et al. 2002 , Deplus et al. 2002 and block the transcription process. The space specific methylation by Dnmt1 is also regulated through its interaction with the protein UHRF1, which is able to sense the presence of methylated histone 3 and subsequently can recruit Dnmt1 to its proximity (Bronner et al. 2013 ). Both proteins, Dnmt3l and UHRF1, possess the capability to assign DNA methylation 
Removal of the methyl moiety
The methylation pattern of DNA is dynamic and varies in cell specific and time dependent manners. In contrast to methylation, the reverse process of 5-mC conversion to cytosine is not straightforward and requires several consecutive steps. Based on the enzymatic mechanisms underlying the demethylation, passive and active pathways can be recognized (Chen et al. 2013 , Franchini et al. 2012 , Piccolo and Fisher 2014 , Wu and Zhang 2014 .
Methyl moieties can be lost from the genome by blocking Dnmt activity during cell replication, which is considered to be a passive DNA-demethylation pathway. Suppressed expression, enhanced degradation, nuclear exclusion or enzymatic inhibition of DNA methyltransferase activity will definitely lead to a progressive decline in the presence of 5-mC within the genome upon DNA replication. In mammals, the process of passive demethylation is supposed to occur following fertilization and during gametogenesis (Chen and Riggs 2011 , Franchini et al. 2012 , Piccolo and Fisher 2014 .
The active DNA-demethylation pathway involves several specific enzymes that are capable of converting 5-mC residues to products which can subsequently be enzymatically substituted by cytosine (Fig. 1) 
Concluding remarks
The metabolism of 5-mC is considered to be one of the pillars in the process of epigenetic TET enzymes can catalyze the oxidation of the methyl moiety of 5-mC in an ordered sequence of reactions (2) to 5-hydroxymethylcytosine (5-hmC), 5-formylcytosine (5-fC) and
